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U 5. Deparment Investigation: BEA (2-015
of Transportation Prompted By: PE(2-021

National Highway | Date Opened: 08/01/2002 _ Date Closed: 01/12/2004
Trafiic Safely Principal Investigator: Scott Yon
Adminisiration Subject: Throtfle sticking closed

Manufacturer: General Motors Corp.
Products: MY 1959-2002 Silverado/Siermra/Tahoe/Suburtban/ Avalanche/Yukon

Pepulation: 3,401,467

Problem Description: The throttle valve sticks in the: closed position regulting in afleged excessive
accelerator pedal opening effort, throttle overshoot end unexpected vehicle movement.

FAILURE REFORT SUMMARY
ODI | Manufacturer Total

Complaints: 155 1,230 1.309
Crashes/Fires: 3 56 39
Injury Incidents: 0 4 4
# lnjuries: 0 4 4
Fatality Incidents: 0 0 D
# Fatalities: 0 ] 0
Other*: 0 291,746 291,746
*Description of Other: Throttle xxdy related warranty claims
Action: This engineering analysiz has been closed.

Engincer: D, Seott Yon YQ’V’ l{ﬂ (r;'-f Date: 01/12/2004

Div. Chief: _Jeffrey £. Quandi Date: 01/12/2004

Dffice Dir.: _Kuthieen . DeMeter Date: D1/92/2004

Summary: This ipvestigation imvolves the General Motors Corporation (GM) throttle body (TB) wtilized in
model year (MY') 1999-2002 Siltverado, Sierra, Tahoe, Suburban, Avatanche and Yukon (subject vehicle(s))
with 4.8L, 5.3L, and 6.0L engines, The TB valve may intexrmittently stick in a closed position. In such a
situation, an operator may apply additional accelerator pedal force to increasc engine speed. The
application of additional accelerator pedal force, to open a stuck throttle valve, may open the throttle valve
more them intended and, in turn, aceelerate the engine and vehicle mote than intended and reasonably
expecicd by the driver. On August 1, 2002, the Office of Defects investigation (ODI), of the National
Highway Traffic Safety Administration (NHTSA), opened this engineering analysis, The investigation
revedled that two factors may cause the defect: 1} TB manufacturing process problems; and 2) aceumulation
of deposits (a PCV gystem by-product) on or around the TE throttle valve and bore.

ODI concludes that the TB performs in a defective manner after analyzing GM's data submissions, end test
data collected by the Vehicle Research and Test Center (VRTC). Fifty-nine crashes are alleged to have
occurred as a result of GMs TB defect. The majority of the crashes involve a single vehicle, engaging in a
close quarter vehicle maneuver (or low apeed), and cansing only minor property damage. Four out of the
fifty-nine craghes involve injury, and those injuries were minor.

Although GM’s TB is defective, based on the evidence gathered, ODI has not found that the defect poses an
unreasonable nisk to safety. The acceletstor pedal force required to open a stuck throitle valve is negligible,
and the throttle valve does not stick in the open pasition. Therefore this engineering analysis (BA02-015)
will be closed at this time. The closing of this investigation does not constitute a finding by NHTSA that a
5 -related defect does not exist. @
)

For a detailed discussion of the TH component and testing, pleasc see the attached repart.

oV
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EA02-015 SUMMARY REPORT

SUBJECT: Throttle valve may stick in the closed position affeciing MY 1999 - 2002 GM
Pickups, SUVe and SU Trucks with 4.8L, 5.3L and 6.0L engines.

BASIS: The investigation was prompted by PE02-021, which was opened in February 2002,
Initial Enquiry IE01-067, which formesd the basis for PEQ2-021, referencad GM TSB # 00-05-
04-007 {see Technical Service Bullctins section).

ALLEGED DEFECT: Sticking, or stiction,' of the throttle valve in the closed position may
require additional accelerator pedat force to open the throttls valve. The additional accelerator
pedal force may open the throttle valve more than intended and, in turn, accelerate the engine
and vehicle more than imtended and reasonably expected by the driver.

DESCRIPTION OF VEHICLE SYSTEM: Throttle bodies are used to control the flow of air
into the engine, and thus the power the engine produces, GM first installed the subject TB in
MY 1999 subjzct vehicles coincident with the introduction of the GEN ITI engine family. The
TB consists mainty of an alloy housing, a throttle valve, a throttle shaft, a shipping air {or
minitnien air tate) setecrew, a PCV fresh air tube, a return spring, a throttle position sensor (TPS)
and an idle air control valve (IACVY), The alloy housing has a horizontal bore that is
perpendicular to a horizontal throttle shaft that goes through the bore, The throttle valve is
mounted to the shaft within the bore. Rotation of the throttle shaft opens or closes the throitle
valve in the bore of the throttle housing, thus controlling the volume of air entering the engine.
Crankcase ventilation air from the PCV system emters the TR via the PCY fresh air tube and is
mixed with itwake airffow that bypasses the throttle valve. A small amount of air bypasses the
throttle valve when it is closed, The throtile valve also contains a emall diameter hole that allows
additional bypass air to enter the engine. This bypass air, in conjunction with air controlled
through the [ACYV, provides the air an idling engine needs diring closed valve operation.

A cable connects the TB and the accelerator pedal. This cable linkage rotates the throttle shaft,
which, in turn, rotates the throttle valve. The cable operates the TB through a crank on the
exposed end of the throtile shaft; the other end of the shaft operates the TPS, which produces an
electrical signal proportional to throtfle position. The electrical signal is required for engine
managemeitt system purposes. As an operator’s foot depresses the accelerator pedal, the throttle
valve opens allowing more air into the engine. As an operator’s foot is released, the throttle
valve closes and reduces the amount of air entering the ¢ngine, A shaft mounted return spring
retumns the throttle valve to the closed position.

The shipping air setscrew conirols the angle of the closed throttle valve position. The setscrew
position is a critical adjustment that is set during TB mannfacture. Readjustment of the setscrew
in setvice is not expected. '

The Iast five digits of the TB's GM part number and manufacturing date are identified by codes
stamped into the TB mounting flange, as depicted in Figure ! below. The Julian Date code
follows the format *dddy” whete *ddd” represents the day of the year (001 to 355) and *y’
represents the digit value of the year (9 = 1999, O = 2000, etc). For example, a date code of
*0351” indicates the TB was manufactured on the 35th day of yzar 01, or February 4th, 2001.

! Stiction: from Merrizm-Webaters Colegiste Dicticnary 10th editiom 1992 ISBN 0-87779-709-9 - n [smtic +
irictiom] {1944} the force required to canse one body in contact with another to bagin o move.
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Figure 1: Throtile Body Identification
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1 — Location of last 5 digits of TB part number
2 - Location of 4 digit Julian Date code
3 — Throttle Body

CORRESPONDENCE: In addition to information obtained during the PE02-021 investigation
{dated April 29, 2002 and May 10, 2002), OD] also received information from an IR letier
submitted to GM on October 7, 2002, GM provided a response dated Deceamnber 9, 2002
(inclading a confidential submission of the same date), an imtial supplementat response dated
February 28, 2003, and a second supplemental response dated April 29, 2003. QDI submitted an
additional IR letter to GM on June 20, 2003, which GM responded to on August 6, 2003,

YEHICLE POPULATION: GM provided Vehicle Identification Number (VIN) level detaii
for each of the subject vehicles, including VIN, model, model year, date of production, date the
warranty coverage commenced, and the ULS. State where the vehicle was wholesaled. The
following tables sumimarize subject vehicle populations by moedel year, model and engine code.
The Cadiltac Escalade models are removed from thesa tables (see ODI Analysis section).

Tabis 1: Populations by Model Year and Model.

Mods
Yukon
Suburban Tahoe
Yukon XL Danall
MY Gk U bDenail XL Avalanche Grand Total
1998 509,020 509,020
2000 707,156 100,143 81,376 888,673
2001 606,196 160,921 188,920 946,037
2002 824,109 139,387 294,239 1,057,735
Grand Todal 2. 448 481 350,451 564 535 3401 ,45?
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Table 2: Populations by Model Year and Engine Code (8" VIN character).

Engine Code
MY T ] v Z Grand Total
1999 364,405 46,815 87,800 500,020
2000 833 677 104,227 150,771 888,675
2001 624,058 166,278 155.703 846,027
2002 413,707 184,995 182 457 278 576 1,057,735
(Srand Total 2035847 | 502,313 | 588,731 | 278,578 3,401,467

Table 3: Engine code, displacement and GM Family (for reference).

Engina | Displacerment | GM Engine
Code (Ilars) Family
T 53 LM7
u 8.0 LM
Y 4.8 LR4
Z 33 L9
PROBLEM EXPERIENCE: Table 4 below summarizes the failure reports at each of ODI's
investigation stages.
Table 4. Breakdown of Failure Reports.
PE02Z-D21 EAD2-015 EADZ-D1S
Open Cpan Closa
Complainis] a2 040" 1309*
Lreshes] 3 50 58
infury Incidenis; 2 3 4
Injurigs] 4 3 4
Fatailty Incidanis: a D 1]
Fainlitlas: 4] 1] 1] -
Other (Warranty] - 229 383 291,746
* - Approcdmade count die o
duplicats s

The Tzble 4 totals above do not contain complaints ot crashes that are unrelated to the alleged
defect. For example, complaints ivolving throttic linkage issues {¢.g., throttle cable issues, or
other outside influence) or driver error related crashes {e.g., pedal nesapplication) are not
included. The exact number of duplicate complaints between ODI and GM data cannot be
determined due to insufficient or missing information.

CRASHES AND INJURITES: The 59 crashes referred to in Table 4 generally occurred while
operators were aitemnphing to maneuver their vehicle in close quarter situations such as pulling
mto a parking space, or inching forward in bumper-to-bumper traffic. Fifty-seven of those
crashes (97%) involve MY 1999 or MY 2000 vehicles. MY 2001 and 2002 have one reported
crash for each MY, Vehicle operators altege that throttle sticking caused them to over apply the
accelerator pedal, which led to unexpected vehicte movement. Of these crashes, 54 (92%)
resulted in only minor property dsmage (less than $1500). The crashes are summarized in Table
5 below.
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Table 5: EA02-015 Cragh Types.

| Crashes | Crash Typs
38__ Minor proparty damage only, single vehicle
16 idhnr property darmage only, two vehicles
1 [Bignificant property damege, single vehicle
4 _ Injury crash

The crashes resulting in injuries referred to in Table § involved only MY 199% and MY 2000
vehicles. The injuries were minor injuries. Thees of the injury crashes occurred while the
vehicles were being reversed. Specifically, one crash involved a situation where the vehicle
allegedly experienced throttle stiction whils being directed backwards. The operator pressed the
accelerator pedal and the vehicle struck the person directing the velicle. The person struck was
taken to a hospital and released without treatment. The other three mjury crashes involved
situations where lone vehicle operators struck an manimate object during cloge quatter vehicle
mancuvers. These three operators have subsequently claimed that bodily injury resuhed from
their craghes (two drivers complain of back pain, and one complains of ankle sorsness).

NTS: Vehicle Owoer Questionnaire {VDQ) trends by MY and quarter received are
shtmm in the following charts.

_— e —

VOOu By Mods | Year =T VO by Qumrter Racatved

GG B o || (e (it
GM complaint trends by MY and by MY and gquarter received are ehown in the following charts.
----- GM Complaimts By ll_‘rn -
o — H
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WARRANTY: GM provided warranty claim data once during the PE02-021 investigation, and
twice during the EAQ2-015 investigation. GM’s last data submission is current through June
2003, Warranty data for extended warranty coverage was supplied in GM’s August 6, 2003
submizgion. GM offers extended coverage through Motors Insurance Corp (MIC) and Universal
Warrandy Corp (UWC). Data on GM’s extended warranty claims are corrent through July 2003.
GM selected subject vehicle related warmanty claims that are coded to labor operations J5485 -
Bady, Throttle R&R, and J5490 - Body, Throttle Replace (* - UWC data does not contain labor
operation detail). Nearly 300,000 claime were collected in total GM’s Warranty data is
compiled in Table 6 and 7 below.

Table 6: Warranity claimg by labor operation and MY.

LaborDp | 1099 2000 2001 2002 | Totals:
J5405 52671 | 35937 17147 3383 | 109148
J3490 1070898 | 65400 8161 797 132450

Clms 73 87 2 142
Totals] 756842 | 101404 | 28310 | 4100 | 201748

Table 7: Warr claims by labor operation and GM engine code.

LaborOp TSI | WEOL | VWil | D3l | Totals:
J5485 82505 | 8458 | 17348 | 747 | 109148
J5490 141582 | 96256 1055 164 152456

"UWC Cims 83 35 14 142
Totmls] 224270 | 18118 | 48417 154 201748

As part of its analysis of the large volume of data GM supplied, OD] elecied to segregate the
warranty clairn and population data by engine code (family), perfonn an analysis on each of the
four data sets, and then conduct a companison of the results. At the conclusion of its analysis,
QD1 did not find any significant differences based on the engine family analysis, and concluded
that engine family does not affect the warranty experience of the TB common to all families.
Similar comparisons were conducted between engine famity and the assembly plant, vehicle
body type and geographic location. Again, ODM did not find any significant differences based on
the distinguishing variable, and concluded that engine famnily type does not affect the warranty
experience of the common TB.

However, ODI gained notable information from its analysis of Warranty Rate vs. Vehicle
Production Month. This analysis compares warranty claim rate (as a percentage of vehicles
produced) against month of vehicle production. The analysis also considered service age of the
vehicles (months in service, MIS) at 12 and 24 MIS as well as an overali rate, which disregards
service age. The chart for the T engine code 5.3L (LM 7} is shown in Figure 2 below (T engine
vehicles represented the largest portions of both the production volumes and warranty claims
data). Charts for the other engine families show similar or lower warranty rates when compared
on a build date basis.

Referming to Figure 2 below, warmanty claim rates are significantly higher on vehicles produced
from June 1998, the start of production, through October 1999, The overall warranty rate of the
TB varics between 25% and 40%, and the two years in service rate varies between 20% and
25%. The warmranty ratex fall significantly during November 1599, and remain at lower levels
through the end of the production period covered by TSB 00-06-04-007 (end of MY 2000). An
annotation on Figure 2 identifies the production period covered under TSB #1. At the start of
MY 2001 production, the warranty rates drop again and remain relatively low through the end of
MY2002 production. Warranty analysis results are discissed fuwther in following sections of this
report.
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Figure 2: Warranty Rate vs. Vehicle Production Maouth.

T Englna ($.3L LM7) Warmanty Rate
‘5“ - e T ———— e ————— v —_—— - —
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DESIGN CHANGES: GM has made a number of changes in the design and mannfactuning
processes of the subject TB. Table B, below, details the date, subject and desetiption of each
change. GM’'s changes, made through November 1999, primarily addressed throttle valve ta
bore interface issues. The changes focused on eliminating TB housing damage, increasing
closed valve clearances, obtaining consistency in setscrew adjustment, and detection of
components with improper setscrew adjustment. In November 2001, GM made a change to
accommodate the introduction of a fixed orifice PCV valve. This change addressed a condition
known io be a causal factor for thoottle stiction, i.s., PCV by-products (see Manu facturer's
Evaluation and TSR sections in this report). The last two changes effect TBs sold for service
replacement use only and both changes accurred after the TB’s installation in vehicle production
was discontinued. Design changes are discussed further in the ODI Analysis section of this

repaort.
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Table 8:

TE manufactoring and design changes made by GM.

TB Manufacturing and Design Changes

Feb-99

Pt ubieet

ew production toaling Introducsd in two separate sieges to address
'TB bore deformatien nzertion of the PCV fresh air tube which was detarmined to be daforming
8 TB housing and bora.

Jun-8g

Throttle valve and byp hanges: meommendad from GM study, primary objective was to
hole dimengions, DAG  fncrease cosed throtlle valve angle. DAIS is an air sealant appliad to the
reduction rettle shaft. Valve s bypass diameter dimensions were decraasag.

speed of the devica that closed the valve for set adjustment was

Adustiment Botualor Lo oacad. The expectad result was an Increased closed valve angle.
I;IE'I'; application technlgue was Improved (over application nec longer a
Sap-85 PAG Incroase ), which resultad in better gealing and an increase In the cloged

walva angle.

Oct-29

~ Pdjustment actuatar

he target for the shipping air setscrew adjustment process was
[Bhipping alr speciication fncreased to the high side imit, resuting In an ingreasad closed throtile
velve angle.

|The cksad thratfe anple was checked after assembly to ensure e
minimum engle of 2.6 degrees.

The acluator changed fram a pneumatic type 1o a linear motor type
plevice for Improved set consistency.

Prodaction aling change applied to one of three assembly lines, and
was subsequently eliminated cua to unforesesn problams.

Closed throtte angle

Vacuum applicetion

Mow-28

[100% line cheack on 4.8L and 5.3L TB assembly to irap dafectiva units
pefore leaving the production faciily.

The acluptor speaed was decraased to sliminate a 'snep' effect, which
resulted in an increased closed valve angle.

Torque test

Adjustment actuator

Nov-01

In conjunction with the introduction of & fixed onfics PGV valve, the

bypaas hole slze was decraased, rasulting In Increased cosed throtie
Fypass hole dimenzlon e angle and a reduction In the guantity of englne oll that enters the
V and TB systems.

companents hes been completely aliminated resulting in an increasad

ice TB components only : 1he bypass hole on 4.8L and 5.3L service
Bypass hole eliminaticn
osed valva angls.

ervica TB components only: The bypass hole on the 8.0L servica TB
Bypass hole reduction mpanents was reduced auling In an increased dosed valve angle,
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TECHNICAL SERVICE BULLETINS (TSH): GM identifies three existing, and one future
TSB relevant 1o this investigation and the alleped defect.

GM TSB #00-06-04-007 (TSE #1), and its subsequent revisions, addressed the manufactiring
process related concerns which could lead to throttle stiction. The initial releaze of TSB #1
occuered in Febroary 20(K) with a subject line of “Incrensed Accelerator Pedal Effort (Replace
Throitle Body).” TSB #1 applied to MY 1999-2000 Chevrolet and GMC C/K Pickup Models
(Silverado and Sierra) with 4.8L, 5.3L, or 6.0L V8 engines that exhibited higher than normal
accelerator pedal effort from the closed throttle position. TSB #1 instructs technicians to verify
that the throttle cable or linkage is not the cause of the condition, and if not, to remove the TB
and check the date code stamped in the mounting flange of the TB (z¢¢ Figure 1). H the date
code indicates the TB was manufactured on or before the 207™ day of 1999 {October 25, 1999},
technicians were instructed to replace it with a new component.

GM TSB #01-06-01-029 (TSDB #2), and its subsequent revisions, addressed higher than noomal
oil congumption rates on MY 1999 to MY 2002 subject vehicles with 4.8L, 5.3L and 6.0L
engines. TSE #2 states that the cause of the oil consumption may be due to the PCV valve air
flow rate under certain engine operating conditions, TSB #2 has no obvious connection to
tbrottle control concerns; however the document is referenced in TSB #02-06-04-054 which
addresses flrotile stiction. GM notes that the fixed orifice PCV valve reduces the volume of
engine cil entering the PCY system and the TB. Reduced oil enfry inhibits the fonmation of
deposits in the TB. GM further advised that the fixed orifice PCV valve was incorperated into
subject vehicle engine production comumencing in November 2001, coincident with other TB
changes (see Degign Changes Section).

GM TSE #02-06-04-054 (TSB #3), and its subsequent revisions, 18 applicable to MY 1999 —
2002 subject vehicles equipped with the 4,81 and 5.3L engines. TSB #3 was issued in
November 2002 with the subject lines “Increased Accelerator Pedal Effort (Clean Throttle Body
and Adjust Blade);” it was issued to address higher than normal accelerator pedal effort from the
idle position. TSB #3 was subsequenily revised to include a reference to idle instahility.

TSR #3 states that deposits in the TB bore may cause a throftle stiction condition. Technicians
were ingtructed to confirm the velicle had a fixed orifice PCY valve installed, ag described in
TSB #2. After confimming a fixed orifice PCV valve was installed, the technician was instructed
to first clean the TB bore and then to eliminate the air bypags hole in the throitte valve using a
specially developed plug, as shown in Figure 3 below. Using GM service diagnostic tools, the
techmicizm then adjusts the shipping air setscrew to increase the closed throttle valve angle, thus
compensating for lost bypass air. The setscrew adjustment increases the clearance between the
throttle valve and bore, making it more difficult for engine depoesits to accumulate and thereby
reducing the likelihood of ttwottle stiction cccurring.

G intends to publish a TSB for subject vehicles equipped with 6.0L engine that will address
throttle stiction in a similar manner as described in TSB #3 {(TB cleaning, then plugging the
bypass hole and adjusting the shipping air screw). The future release of this TSB is set for
quarter one 2004,
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Figure 3: TSB #02-06-04-054 procedure.

1 - Plug for bypass hole s
2. B}'PBSE hole o e T "
3 - Setscrew B . ‘ 2

MANLFACTURER’S EYALUATION: GM recognizes two causal factors that comiribute to
higher than normal accelerator pedal effort: 1) TB manufacturing process problems; and 2) the
accumulation of ‘gummy coke daposits’ in the TB.

GM’s first causal factor, manufacturing problems, is the focus of TSB #00-06-04-007 (and
revisions). This TSB addresses higher than normal accelerator pedal effort cavsed by the manner
in which TB's, used in MY 1999 and some MY 2000 subject vehicles, were manufactured. The
manufacturing methods nsed in producing those TBs may have resulted in deformed TB
housings and hores which may cause the TB valve to become tight in the closed position.
Additionally, those TBs may have been memufactured with insufficient closed throttle valve
amgles, which can also cause throttle sticion. Throttle bodies manufactured since November
1999 apparently are not affected by these manufacturing issues,

The second cauzal factor GM recognizes mvolves the formation of a “gummy coke deposit’ on
the throttle valve and bore. The buildup of deposits may cause the throttle valve to stick in the
closed position and thereby cause higher than rormal accelerator opening effort. GM states that
the TB deposits are the result of engine oil compounds that enter the intake manifold through the
engine PCV system. The engine deposits accumulate gradually with vehicle usage. A service
procedure addressing this condition is presented in TSB #02-06-04-054 (and revisione) for the
4.81. and 5.3L engines. A TSB for the 6.0L engine is under development at the time of this

GM alleges that either or both factors may produce a throttle stick condition that is intermittent
in nature. GM no longer uses the subject TB in its vehicles. GM utilized an electronic throitle
centrol (ETC) based component that does not utilize a throttle cabls commencing with MY 2003
prodaction. GM maintains that the higher than normal acoelerator pedal effort, experienced
when moving the throttle valve from the closed position, is not a safety related defect.
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TESTING: In October 2002, ODI forwarded a request to NHTSA's Vehicle Research and Test
Center {VRTC) to perform testing of subject vehicles. The aohjective of the testing was to
determine if the elleged throttle control condition and the resufant effect on vehicle operation
represented an unreasonable risk to motor vehicle safety. To assist in their understanding of the
condition and the required test work, ODI provided VRTC complaint data, copies of GM
documents, electronic data, and warranty return sample TB's (provided by GM). Regular
communications between O] amdl VRTC occurred as required to facilitate the test work, QDI
and VRTC met in August 20G3 at VRTC’s Fast Liberty, Ohio facility to review the status of the
temt work,

To facilitate their fieldwork, VRTC obtamed from the Ohio Bureau of Motor Vehicles a listing
of Ohio owmers of subject vehicles. The listing was used to mail a questionnaire to subject
vehicle owners in the two counties surmounding the VRTC facility. The questionnaire inquited
about the presence of the alleged defect in the vehicle. VRTC reviewed questionnaire responses
and identified potential participants for subsequent contact. In total, VRTC identified 20
personally owned vehictes (18 MY 1999, 1 MY 2000, 1 MY 2001) and made arrangements to
conduct field inspections. VRTC selected 11 additional subject vehicles (6 MY 1999, 3 MY
2000, 2 MY 2001) in an arbitrary manner {they were selected from used vehicle sales lots) and
conducted field ingpections. A total of 31 vehicle inspections were conducted, 20 personally
owned and 11 dealer owned.

VYehicle information (inake, model, MY, VIN, mileage, engine, trans, et} and owner information
{name, address, phone) was recorded. TB tempetatures, and pedal and body force measurements
were also recorded. Pedal force refers to throttle opening force measurements taken at the
accelerator pedal. Body force refers to opsning forge measurements taken directly at the throttle
cable crank (TB shaft). A comparison of the pedal and body force measurements confirmed in
sach inspection that the TB was the source of atypical stiction, i.e., this eliminated the thrattle
¢able and or pedal linkage as atypical stiction sources. VRTC also considered TB temperature
effects (‘as foumd’ versus ‘normal operating’) and the effects of engine operation (running versus
not running).

The pedal force measurements were ussd to determine the throttle stiction force of the vehicle.
VRTC recognized that some stiction would exist normally in all vehicles, since the TB is
mechanical and is operated through a mechanical linkage system. To determine the throttle
stiction force, VRTC first measured the maximum pedal force required to open the throttle from
the closed position (typically about 5.0 pounds force (Ibf). on a ‘norrnal’ vehicle), VRTC then
measured the force required to maintain the throttle in an open state just off the closed throtile
position {typically about 4.5 Ibf on a *‘normal’ vehicle). The difference between these two
measurements represents the throttle stiction force. A difference of 2howt one half (.5) 1bf is
congideved typical, anything greater than .5 1bf 1= considered atypical.

An analysis of the inspection data was performed. A throttle stiction force of about 0.5 pounds
was present in 14 of the vehicles tested. This minirimm force is congidered typical of a normally
operating vehicle and results from natura] frictional forces that exist in the throttle control
system. Fificen of the vehicles inspected displayed throttle stiction forces higher than 0.5 [bf} 11
of the 20 (55%) personally owned vehicles, and 4 of the 11 {36%) dealer owned vehicles. A
maximum threttle stiction force of 4.5 Thi. was measured in one vehicle inspection (the worst-
case), a force about twice the typical pedal opening force. For the 31 vehicles inspected, an
average throttle stiction force of 1.3 1bf. was found, and a standard deviation of 1.1 1bfwas
catculated. The results are displayed graphically m figure 4.
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Figure 4: VRTC Fieldwork results

VYRTC Fleldwork: Cummulative TSF Measuremants
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Vehicle driving assessments were also conducted during the August 2003 meeting. VRTC
engineers temporarily obtained two suhject vehicles for use in assessment exercises that were
conducted within the East Liberty facility. A 4.8L equipped MY 2001 Chevrolet Silverado with
63,500 miles that was manufactured in November 2000 (VIN 1GCEK14V81Z157105) did not
display higher than normal throttle stiction forces and was used as a baseline for assessment
exercises. A 6.0L equipped MY 1599 GMC Sierra with 87,500 miles that was manufactured in
April 1999 (VIN 2GTEK19TXX1553269) was modified by VRTC to simulate the worst-case
throttle stiction observed from ficldwork. Three assessment exercises were conducted: driving
on high friction coefficient (dry) road sarfaces, driving on very low friction coefficient tast
surfaces, apd maneuvering in closs quarters.

Two VRTC engineers and one ODI engineer conducted the driving assessments. The VRTC
engineers are recopnized by NHTSA as professional test drivers whose regular job
responsibilities include driving vehicles for the purposes of assessing safety risks, At the
conchizion of the assessment, the VRTC and ODI engineers all staied that the vehicle (worst case
atypical throttle stiction) was not hard te control and required no difficelt or unusual control
inputs &ven when manguvering in close quarters.
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ODI ANALYSIS: The Cadillac models included at the opening of this investigation were
subseguently determined to be manufactured with an ETC based TE design; they are therefore
removed from scope and are not included in the pepulation number identified on the closing

TEEUME,

ODI reviewed the complaint data that GM had submitted in response to ODI’s information
requests. In ODY's review of the complaints, especially thoge where crashes and or injuries were
alleged, an atternpt was made to discem the cause, or likely cauge of the complaint, crash or
injury, Complaints where the record identified that the cause of the incident was unrelated to the
alleged defect were removed firom ODI’s final counts. For instance, in two unrelated complaints
supplied by GM, operators complained the throttle stuck partially open and resulted in unwanted
acceleration of the vehicle; dealership technicians determined the problem was caused by road
debris (gravel) that had become lodged between the throttle stop and throttle crank.

Accordingly, these cornplairts were removed from ODI counts. In the absence of ary
mezningful reason to exclude them, complaints were counted.

In cwder to better understand incidents which prompted complaimts, ODI conducied phone
interviews of both ODI and GM complainants. In most of the imerviews, owners described &
throttle stiction type condition that oceurred on an intermittent bagis, Inderviewed complainants
reported varying impacts of the condition on vehicle operation, ranging from minimal to severs.
None of those interviewed previded meaningful (objective) information regarding the severity
{or force levels) of throttle stiction. Some of those interviewed reported their vehicle had been
serviced for the condition but the symptems returned. However, none of these repair attempis
involved application of the TSB #02-06-04-054 ywacess.

Complamants also had varying levels of concetty for the occurrence of stiction. Inresponseto a
question, 3 mingrity mrmber of complainants expressed a safety concern. Complainants
sometimes reported driving techniques they had adopted which allowed them to overcome the
condition when it occurred. Complainants stated that they felt these techniques allowed them to
'safely’ operate the vehicle; however some had concem about an unfamiliar or inexperienced
operator driving the wehicle,

As discussed previously, ODI also conducted an analysis of GM’s warmanty ¢laim data, ODI
notes that GM warranty data does not contain sufficient detail to fully discern the exact nature of
the condition the owner experienced. For instance, GM warranty data doesn™t contain customer
preblem descriptions ¢r technician repair ccenments, nor does it reliably identify & relationship to
a particular TSB procedure. Soms level of warmanty claim rate is considered normal for most
vehicle gystems. However, GM's double-digit warranty claim rate for its throttle body is clearly
abnormal and a strong indicator of & systemic concemn. Noting the production dates where
warranty rate changes occurred, and comparing them to dates where TB mannfacturing changes
occurred (see Design Changes sectinn) strongly supports the existence of a defect trend.

ODI also reviewed GM’s technical and engineering data submissions. This included
docurnentation relaied to design and manmfacturing changes, engineering studies and
investigations, component drawinge and other documents that discussed the technical aspects of
the TB and the threttle stiction concern.

{Colloquially GM engineers refer to the subject TE as the “2 degree” TB, and the predecessor
design as the “5 degree” TB. The terms are in reference to the clesed throttle valve angle. More
specifically, the termn refers to the angle a centerline that both travels through a closed throttle
vilve and is perpendicular to the throttle shaft would make with a vertical bore centerline that
both travels through and is perpendicular to the throttle shaft, assuming the TB is mounted to a
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vertical surface. Due to companent tolerances a1d other desipn, mechanical and manufacturing
lirnitations, a zero degree angle is considered impractical.

For MY 1999, in conjunction with other GEN ITI changes, GM changed its throttle body
specification to the 2 degree® TB design. In actuality, the design specified valve angle was 2.77
degrees +/- .75 degrees (noting that one of the manufacturing revisions GM implemented was to
reject any TB with a closed angle less than 2.6 degrees). Nevertheless, the design change
represented a significant reduction compared to the 5-degree TB design that did not display a
significant threttle stiction condition.

With the 2-degree design change came reduced clearances between the circumference of the
closed valve and the bore of the TB. Beneficially, this reduces the amount of gir that hypasses a
closed valve. This characteristic may have advantages in engines with low idle air demand,
however the reduced air benefit comes at the nisk of increased susceptibility to
manufacturing/component variation and/or a sensitivity to bore contamination. 'When cither or
both are present, there is a high likelthood that a closed valve will stick or bind in the throttle
bore at some level of saverity.

In review of manufacturing and design changes, ODI finds that GM's objectives focused on
eliminating agsernbly damage and on accurately controlling, and/or increasing, closed valve to
bore clearance. The October 1999 changes increazed the target throttle valve angle setting to the
high end of the specification, which has the effect of increasing closed valve to bore clemrances,
GM also began identifying TB’s with angles below z 2.6-degree angle and prevented them from
leaving the production facility in that condition. Thege changes had a significamt effect on the
warranty performance of the TB, as can be seen  Figure 2. The strong correlation between the
manufacturmg revision data and warranty performance change suggrests the scope identified for
TSB #00-06-04-007 was accurate.

In addition to reducing the volume of PCV bom engine oil and related crankcase compounds
entering the TB via the PCV fresh air tube, the November 2001 design change incorporating a
fixed orifice PCV valve 2180 had a beneficial impact on the closed valve angle; the change
teduced the diameter of the bypass hole in the TB valve. The closed throitle valve angle
specification thus changed from 2.77 +- .75 degrees to 3.35 +/- .75 degrees. In addition to this
benefit, the formations of deposits in the TB valve are also inhibited by the reduction of oil and
other engine compounds entering the PCV system.

According to (M, the October 2003 design change to eliminate the bypass hole m the valve for
4.8L and 5.3L service replacement TB’s results in a further increase in the closed valve angle
position. The closed valve angle increased from 3.35 +/- .75 degrees to 43 +/- .75 degrees. For

the 6.0L engine service TBs, the valve bypass hole diameter was reduced (frorm 3.65 to 2.0 +-
0.1 mm) resulting in a change in ¢losed valve angle to 4.3 +/~ .75 degrees.

In Angust 2003, ODI visited VRTC to discuss their fieldwork and to fake part in vehicle driving
agsessments. Two vehicles were assessed, and ODI experienced throttle stiction on ane; VRTC
congidered the stiction condition representative of the worst-case seen in fieldwork. Althongh
not a trained professional test driver, the OD[ engineer who performed the driving assessment
considered the condition to be unspectacular and of no serious consequence to the safe operation
of the vehicle,
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Finally, ODI reviewed its defect investigation and safety recall databases to identify vehicles
with similar alleged defacte. The majarity of historical investigations and recalls involve
conditions of the throttle sticking in an open or partially open position (i.e., failure to close).
Histerically, defects involving a throttle valve sticking in an open position cansing vehicle
scceleration after the accelerator pedal is no longer depressed, have traditionally resulted in a
safety recall? Investigation EA02-015 deals with a throttle valve stuck in the closed position,
and not in the open position. Thus, investigations and/or recalls of stuck open throttle valves
were not considered relevant to thig investigation (EA02-015).

However, ons investigation, and its related recall is relevant to the iseues m EAQ2-015.
Investigation EA99-001, with MY 1997 - 1998 Fond Explorer/Mountaineer (equipped with 4.0L
SOHC engine) ag subject vehicles, involve causal factors similar to thoss in EA02-0135, {i.e., new
TB design with reduced valve clearances end accumnmlation of enpine deposits). Cmnpluina.nta in
EA99-001 alleged two conditions; a sticking of the throttle in a partially open position cansing
ummendedeng;meaccelermnn, and/er a sticking of the throttle in the closed position resulting in
higher than expected opening effort and subsequent throttle overshoot. EA99-001 resulted im
safety recall 00V-422000 which involved 220,000 subject vehicles not previously remedied by
an existing Qwner Notification Program (ONP 99M02) that Ford igsued in May 1999.

Review of EA99-001 shows that about 80% of the complaints involve throttles sticking in the
closed position, with the other 2(1%4 involving the throttte sticking in an open, or partially open
pogition. Depending on how the zubject population for EAG2-015 ig defined (afl MY or just
MYs 1999 - 2000), the complaint rate in EA99-0(1 is 5 to 10 times higher, the crash rate is 2 to
5 times higher, and the injury rate iz 3 to 9 timey higher than EA02-015. Objective comparisons
of the severity of the throttle stick condition in each investigation cannot be obtained,” however
higher complaint and crash rates are generally considerad indicative of a more savere condition.

? See Recall 99V-062001, Ford (Cruise cwmatrol cable can interfere with speed control servo pulley preventing the
thrattle to return to idle after disengaging the cruise conirof); Recall 98V-045002, 1997-1998 Chrysler Sebring
{Drash penel pad can intexfere with throtile cable control cavsing the throttls plate to not retum to the idle position
after the accslecator pedal is releasad); and Recall 97V-04600, 1994-1957 SAAB 500 (Comresion amund the throttle
control lever can canse the thrgitle plate to fail to retumn to the closed position after accelerator pedat is released).

7 OD] did not conduct chjective measurement of throttle stick force involved in EASS-DM and VRTC did not
conduct related testing or Geldwork Ford provided data under confidentiality, abtained fhrough their own testing
condiicted in connection with EAY9-001, which included ohjective throttle fires mesnmemente. However, due o
the differences in the way the Ford testing was perfonned, the resulis cannot be compared to those cbtained in
EAD2-015 fieldwork.
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CONCLUSIONS AND REASON FOR CLOSING: A new design GM TB, introduced in the
MY 1999 subject vehicles, contains a defect that 18 most likely caused by either of the following

two factors: 1) TB manufacturing process issues {which produced damaged TBs, or TBs with
msufficient throttle valve to bore clearances); ansd 2} the accumulation of PCV system related
deposits on or areund the throttle valve and bore. Either condition, or both conditions working in
conjunction with each other, may cause the throttle valve to stick in the closed pogition. In such
a situation, the operator may apply higher than normal accelerator pedal effort to open the stuck
throttle. The application of additional accelerator pedal force may open the throttle more than
intended and, in turn, accelerate the vehicle more than intended and reasonably expected by the
driver.

However, for the following reasons, OD] concludes that there is insufficient svidence to support
the finding of & gafety-related defect atiributable to the throttle stiction condition at this time.
First, GM's TB sticks only in the closed position. ODI did not identify cages where the TB stuck
in an open position due to the defect. Second, allsgations that the throttle stiction forces were
excessive were not supported by OD]I analysis or VRTC fieldwork. Third, at the conclusion of
driving assessments, VRTC and ODI engincers stated that the assessed vehicle (worst case
atypical thoattle stiction) was not hard to control and required no difficult or unusual control
inputs even when maneuvering in close quarters. Finally, the defect has occurred at low speeds

in parking maneuvers.

Accordingly, this investigetion is closed. Ths closing of this investigation does not constitute a
finding by NHTSA that a safety-related defect does not exist. The agency reserves the right to
take further action if warranted by the circumstances.
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